AD-  78  5  219 


RADAR  SIGNATURE  MEASUREMENTS  OF 
BQM-34A  AND  BQM-34F  TARGET  DRONES 
VOLUME  IA 


Test  Group  (6585th) 


Prep  ar  e  d  for: 

Army  Missile  Command 


January  1974 


DISTRIBUTED  BY: 


KfjJD® 


National  Technical  Information  Service 
U.  S.  DEPARTMENT  OF  COMMERCE 

5285  Port  Royal  Road,  Springfield  Va.  22151 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  R  &  D 

(Security  cluatllicmtlon  of  title,  body  of  Abstract  and  Indexing  annotation  must  be  entered  when  the  overal*  report  la  c!maatlladt 
I  ORIGINATING  activity  (Corporate  author) 

6585th  Test  Group/RX 

Holloman  AFB,  New  Mexico  IJh.  CROUP 


UnolaSBi£lcd  /)!>-  77S^/ 


2m,  REPORT  SECURITY  CLASSIFICATION 

Unclassified 


3  REPORT  TITLE 

RADAR  SIGNATURE  MEASUREMENTS  OF  BQM-34A  and  BQM-34F  TARGET  DRONES 


4,  OESCRIPTIVE  NOTES  (Type  o(  report  mnd  Incluelve  dmteu) 
Finn!  Bpnnrt 


9»  AUTHORISI  (Flrat  name,  middle  Initial,  laat  name) 

DYNALECTRON  CORPORATION 
Land-Air  Division 


fl  report  oate 


January  1974 


•  a.  CONTRACT  OR  GRANT  NO. 


7a.  TOTAL  NO.  OF  PAGES  176.  NO.  OF  REFS 


Oa.  ORIGINATOR’S  REPORT  NUMDER(S) 


AFSWC-TR-74-01 


Ob.  OTHER  REPORT  NO(S)  (Any  uther  number*  that  may  be  aealfried 
tbit  report) 


RSXM  72-17 


1C  DISTRIBUTION  STATEMENT 

Distribution  of  this  reoort  is  unlimited. 

It  SUPPLEMEN 1  ARY  NO  TES 

12  SPONSORING  MILITARY  ACTIVITY 

AF  Contract  with  DYNALECTRON  CORPORATION 

U.S.  Array  Missile  Command 

Land-Air  Division 

AMSMI-RER 

F29601-73-C-0133 

Redstone  Arsenal.  Alabama 

13  ABSTRACT 
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tained  from  both  the  principal  and  crossed  polarized  components  of  the 
target  return.  Sixteen  orientations  of  each  vehicle  were  measured  at 
a  frequency  of  5500  MHz. 
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FOREWORD 


This  Air  Force  report  is  based  on  actual  radar  cross  section  mea¬ 
surements  made  at  the  Radar  Target  Scatter  Division  (RAT  SCAT)  of  the 
6585th  Test  Group.  RAT  SCAT  is  located  on  the  Alkali  Flats,  Holloman 
Air  Force  Base,  New  Mexico.  This  Facility  is  operated  and  maintained 
by  Dynalectron  Corporation,  Land-Air  Division  under  AF  Contract  F29601- 
73-C-0133,  and  is  unaor  the  specific  direction  of  the  6585th  Test  Group. 
The  AF  Project  Officer  is  Lt  Colonel  Carroll  R.  Griffin. 

Correspondence  pertaining  to  this  report  snould  be  addressed  to  the 
attention  of  the  6585th  Test  Group  (RX). 


This  technical  report  has  been  reviewed  and  is  approved. 


CARROLL  R.  GRMPiN, 
Chief,  Radar  Target 


Lt  Colonel,  USAF 
Scatter  Division 


ill 


T 

\ 


AFSWG-TR-74-01,  Volume  la 


ABSTRACT 

Radar  signature  data  were  acquired  from  BQM-34A  and  BQM-34F  remotely 
piloted  vehicles  at  the  U.S.  Air  Force  Special  Weapon  Center's  Radar  Target 
Scatter  Division  (RAT  SCAT),  6585th  Test  Group,  Holloman  AFB,  New  Mexico. 
Monostatic  measurements  of  the  components  of  the  target  scattering  matrix, 
monostatic  and  30  degree  bistatic  measurements  of  target  glint,  as  well  as 
10  and  20  degree  bistatic  measurements  of  target  cross  section  were  per¬ 
formed  using  vertical  and  horizontal  antenna  polarizations.  Data  were  ob¬ 
tained  from  both  the  principal  and  crossed  polarized  components  of  the 
target  return.  Sixteen  orientations  of  each  vehicle  were  measured  at 
a  frequency  of  5500  MHz. 


This  report  is  published  in  three  parts,  each  of  which  presents  data 
acquired  from  both  BQM-34  vehicles.  Part  a  is  limited  to  monostatic  radar 
cross  section  and  glint  data.  Part  b  presents  radar  cross  section  data 
acquired  at  bistatic.  angles  of  10  and  20  degrees.  Radar  cross  section  and 
glint  data  acciHred  at  a  bistatic  angle  of  30  degrees  are  contained  in 
Part  c. 
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SECTION  I 
INTRODUCTION 


This  report  documents  radar  cross  section,  phase  and  glint  measure¬ 
ments  of  BQM-34A  and  BQM-34F  target  drones  performed  at  the  U.  S.  Air 
Force  Radar  Target  Scatter  Division  (RAT  SCAT),  6585th  Test  Group, 
Holloman  Air  Force  Base,  New  Mexico.  Monostatic,  10  degree  bistatic,  20 
degree  bistatic,  and  30  degree  bistatic  radar  cross  section  data  were 
acquired  at  a  frequency  of  5500  MHz  using  horizontal,  vertical,  and  cross 
polarization.  Monostatic  and  30  degree  bistatic  target  glint  data  were 
acquired  concurrently  with  the  cross  section  measurements.  Phase  data 
were  obtained  at  the  three  measurement  system  polarizations  for  the 
monostatic  case  only. 

Measurements  were  performed  at  vehicle  roll  angles  of  0,  30,  60  and 
90  degrees  at  vehicle  pitch  angles  of  0,  10,  20  and  39  degrees  providing 
a  total  of  sixteen  orientations  for  each  target  vehicle.  Measurements 
of  the  BQM-34F  target  were  performed  with  the  vehicle  in  an  inverted 
position.  Consequently,  all  aspect  referenced  data  for  that  target  are 
the  mirror  images  of  those  which  would  have  been  obtained  had  the  veiiicle 
not  been  inverted.  Measurements  of  the  BQM-34A  target  were  performed 
with  the  target  in  the  normal,  non-inverted  position. 

This  report  is  published  in  three  parts,  each  of  which  contains 
data  acquired  from  both  the  EQM-34A  and  BQM-34F  vehicles.  Monostatic 
data  are  presented  in  Part  a,  ten  and  twenty  degree  bistatic  data  are 
presented  in  Part  b  and  thirty  degree  bistatic  data  are  presented  in 
Part  c. 

A  description  of  the  measurement  conditions  as  well  as  reproductions 
of  the  data  acquired  are  presented  in  Section  II  of  this  document.  The 
target  drone  measurement  programs  were  requested  by  the  U.S.  Army  Missile 
Command  (AMSM1-RER) ,  Redstone  Arsenal,  Alabama. 
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SECTION  II 

TEST  CONDITIONS  AND  RESULTS 

The  BQM-34A  and  BQM-34F  remotely  piloted  target  drones  are  manu¬ 
factured  by  the  Teledyne  Ryan  Aeronautical  Company,  San  Diego,  California 
and  are  designed  for  subsonic  and  supersonic  flight  capabilities  respect¬ 
ively.  The  BQM-34A  vehicle,  tail  number  8356,  was  furnished  by  the  Tar¬ 
get  Drone  Division,  6585th  Test  Group  at  Holloman  Air  Force  Base.  The 
BQM-34F  vehicle,  tail  number  07770,  was  shipped  to  RAT  SCAT  from  the  Ryan 
facility  and  assembled  on  site  under  the  manufacturers  cognizance.  Both 
vehicles  were  measured  in  the  clean  configuration  without  accessory  wing 
tip  pods  or  external  fuel  tanks.  The  forward  fiberglass  cowling  of  the 
3QM-34A  vehicle  was  painted  to  provide  a  conductive  metallic  finish  and 
RAH  was  installed  in  the  forward  bulkhead  area,  behind  the  nose  radome. 

The  BQM-34F  target  drone  has  an  approximate  length  of  29  feet  with  a  wing¬ 
span  of  9.7  feet.  Approximate  length  and  wingspan  of  the  BQM-34A  target 
drone  are  22  feet  and  13  feet  respectively.  Figures  1A  and  IB  show  the 
BQM-34A  and  BOM-34F  vehicles  mounted  for  data  acquisition  at  the  RAT  SCAT 
facility.  Figures  2A  and  2B  illustrate  the  modifications  to  the  BQM-34A. 

The  zero  degree  pitch,  zero  degree  roll  reference  for  both  targets 
was  defined  as  being  the  wings  level,  longitudinal  water  line  horizontal, 
vehicle  orientation.  Positive  pitch  angles  reflect  a  nose  up  flight 
attitude  and  postive  roll  angles  are  equivalent  to  clockwise  rotation 
when  viewed  from  aft  of  the  vehicle.  Due  to  the  Inverted  mounting  of  the 
BQM-34F  target,  aspect  angle  annotations  for  that  vehicle  deviate  from 
the  normal  RAT  SCAT  standards.  The  left  beam-on  aspect  corresponds  to 
an  angle  of  90  degrees  and  the  right  beam-on  aspect  corresponds  to  an 
angle  of  270  degrees.  Angular  annotations  for  the  left  bcam-on  and  right 
beam-on  aspects  of  the  BQM-34A  target  remain  270  and  90  degrees  respectively. 
Annotations  of  0  and  180  degrees  correspond  to  the  nose-on  and  tail-on 
aspects  of  both  vehicles.  Target  rotation  was  in  the  clockwise  sense 
with  data  origin  at  180  degrees  of  target  aspect. 

The  test  vehicles  were  mounted  on  two  styrofoam  columns  to  pro¬ 
vide  an  approximate  fourteen  foot  target  height  at  the  vicinity  of  the 
vehicle  C.  G.  The  measurement  system  antenna  heights  were  selected  in  ac¬ 
cordance  with  ground  plane  range  geometry  to  minimize  RF  field  intensity 
taper  in  the  vertical  plane.  A  measurement  range  of  2458  feet  was  used. 

The  5500  MHz  measurement  system  was  operated  at  a  nominal  output  power 
level  of  1  KW  at  a  PRF  of  1  KHz.  The  transmitted  pulse  width  was 
on  the  order  of  0.2  microseconds  and  the  range  gate  width  used 
was  0.1  microseconds.  The  radar  cross  section  measurement  system  was 
calibrated  using  the  broadside  specular  value  of  a  5.5  inch  diameter,  18 
inch  long  cylinder.  Bistatic  calibrations  were  effected  by  scaling  of  the 
specular  value  in  proportion  to  the  cosine  of  the  bistatic  half  angle. 
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Glint  characteristics  of  the  BQM-34A  and  3QM-341J  vehicles  were  measured 
using  a  pair  of  three  foot  diameter  parabolic  antennas  on  a  horizontal 
baseline  of  44.6  inches.  The  resulting  angular  aperture  was  eeuivalent 
to  1.5  mi  Hi  radians  or  0.087  decrees.  Baseline  phase  difference  data 
were  acauired  us  ins  constant-phase  limiting  amplifiers  in  coni  unction 
with  a  phase  trackfne  servo  svstem  at  Lhe  60  MHz  intermediate  frequency. 

The  one  wavelength  of  phase  difference  system  ambiguity  was  equivalent 
to  a  cross  range  aperture  in  the  target  zone  of  118.4  feet  at  the  mea¬ 
surement  frequency  and  taroet  ranee  used.  The  corresponding  angular 
deviation  from  the  boresight  axis  was  +24  milliradians.  The  boresight 
axis  reference  calibration  for  glint  data  acquisition  employed  a  26.6  inch 
diameter  precision  sphere  located  at  the  center  of  target  rotation. 

Target  relative  phase  data  were  obtained  from  the  phase  difference 
between  the  received  signal  from  the  inboard  baseline  antenna  and  tnc 
60  MHz  measurement  system  reference  frequency.  The  local  oscillator 
was  phase  locked  with  the  system  reference  to  eliminate  the  phase  noise 
resulting  from  con-coherent  IlF  to  IF  translation.  Examples  of  phase 
data  acquired  from  tue  BQM--34F  target  drone  are  presented  in  rectilinear 
plot  format  in  Figures  3  and  4.  The  ordinates  are  anotated  in  terms  of 
degrees  of  phase  for  modulo  27 r  and  for  modulo  407r  analog  data  respec¬ 
tively.  The  abscissas  are  annotated  in  degrees  of  target  aspect  in  both 
cases.  Phase  system  stability,  as  indicated  by  the  modulo  2ir  data,  was 
on  the  order  of  10  degrees.  The  modulo  40V  data  indicate  the  presence  of 
multiple  ambiguities  in  the  modulo  2v  data  even  at  the  minimum  RAT  SCAT 
target  rotation  rate  of. 025  rpm.  Phase  data  acquired  from  the  target 
vehicles  were  recorieJ  on  digital  magnetic  tape  at  target  aspect  intervals 
of  0.01  degree  and  are  representative  of  the  modulo  277"  output  of  the 
phase  tracking  servo  system.  The  phase  data  were  referenced  to  a  value 
of  180  degrees  at  the  tail-on  aspect  of  the  target  vehicles. 

Cumulative  probability  of  frontal  cross  section  and  mean  frontal 
cross  section  were  commited  from  the  monostatic  data  acquired  at  the 
0  degree  pitch,  ~i  degree  roll  orientations  of  the  BQM-34A  and  BQM-34F 
vehicles.  The  data  are  based  on  the  30  degree  interval  about  the  nose-on 
aspect  and  presented  in  Figures  5  through  10.  Mean  cross  section  data 
were  computed  over  1  degree  aspect  intervals  at  0.1  degree  increments. 

Monostatic  and  hi  static  median  cross  section  as  a  function  of  target 
aspect  are  presented  in  Figures  11  through  18  for  the  0  degree,  10  de¬ 
gree,  2n  degree  and  30  degree  bistatic  angles  respectively.  The  median 
values  were  computed  over  10  degree  aspect  intervals  at  1  degree  incre¬ 
ments  and  based  on  data  acquired  from  the  0  degree  roll,  0  degree  pitch 
orientations  of  both  target  vehicles. 
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Figures  hJ  tnrougu  24  present  glint  data  in  tne  form  of  probability 
density  and  cumulative  probability  distributions  computed  for  the  BQM-34A 
and  BQM-34F  ve.iicles  over  the  30  degree  frontal  aspect  zone.  The  ab¬ 
scissas  of  tne  probability  density  and  cumulative  probability  curves 
are  annotated  in  terns  of  the  apparent  cross  range  displacement,  in  f^et, 
eiiner  left  or  right  of  tiie  center  of  target  rotation;  the  ordinates 
are  annotated  in  percent  and  percentile  respectively.  Both  curves  re¬ 
present  estimations  of  the  appropriate  continuous  functions  based  on  the 
phase  difference  data  acquired  within  the  specified  aspect  zone. 

The  density  distribution  functions  indicate  the  probability  of  a 
given  offset,  or  angular  tracking  error,  occuring  within  the  data  base 
aspect  zone.  The  cumulative  probability  functions  are  the  integrals  of 
the  corresponding,  probability  density  functions  and  indicate  the  proba¬ 
bility  of  the  error  due  to  target  glint  being  less  than  or  equal  to  a 
specified  value.  Thu  probability  of  the  glint  error  occurring  between 
any  two  specified  limits  can  be  estimated  by  differencing,  the  cumulative 
probability  percentiles  at  the  limit  points. 

The  data  of  Tigure  25  Indicate  the  median  measurement  background 
levels  obtained  during  inonostatlc  data  acquisition  as  a  function  of  tar¬ 
get  aspect.  The  measurement  backgrounds  are  typical  of  those  observed 
throughout  the  measurement  progr-'-i.  Median  values  were  computed  for  10 
degree  aspect  intervals  at  1  degree  aspect  increments. 

The  rectilinear  signatuu  data  plots  included  in  this  report  re¬ 
present  tin?  radar  cross  section  and  glint  characteristics  of  the  BQM--34A 
and  8QM-34F  vesicles  as  a  function  of  target  aspect.  Glint  data  is 
plotted  with  respect  to  degrees  of  relative  phase  difference  with  the 
center  of  target  rotation,  or  boresight  axis,  equivalent  to  180  degrees. 
The  apparent  J inear  cross  range  displacement  and  angular  boresight 
deviation  s<ale  factors  are  approximately  3.0  degrees  per  foot  and  0.33 
milliradians  per  degree  respectively.  Table  I  is  a  data  plot  index 
which  correlates  data  run  number  to  target  vehicle,  antenna  polarization, 
vehicle  orientation,  and  bistatic  angle.  The  monostatic  and  30  degree 
bistatic  cross  section  data  arc  annotated  with  an  A  after  the  run 
number;  the  corresponding  glint  data  are  annotated  with  a  G.  Rec¬ 
tilinear  plot  format  phase  data  were  deemed  to  have  minimal  analytical 
value  at  the  phase  rates  observed  and  conseouently  were  deleted  as  a 
data  item. 

All  data  acquired  from  measurements  of  tiie  BQM-34A  and  BQM-34F 
vehicles  are  available  on  BCD  card  imago  digital  magnetic  tape.  Mono¬ 
static  data  are  recorded  in  RAT  SCAT  Format  N  at  aspect  increments  of 
0.01  degrees  and  represent  the  RCS  amplitude  and  target  glint  (degrees 
of  puasc  difference)  or  RCS  amplitude  and  target  relative  phase  (degrees) 
as  applicable.  Measurements  of  radar  cross  section  amplitude  at  bistatic 
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angles  of  10  and  20  degrees  are  recorded  in  Format  L  at  aspect  increment* 
of  0.1  degree.  The  30  degree  bistatic  data  representative  of  RCS  ampli¬ 
tude  and  target  glint  are  also  recorded  at  aspect  increments  of  0.1  de¬ 
gree  but  in  Format  N.  A  description  of  the  formats  used  in  conjunction 
with  RAT  SCAT  digital  magnetic  tapes  is  provided  in  Appendix  C.  An  in¬ 
dex  of  the  available  digital  data  is  provided  in  Appendix  D. 
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Figure  2B.  A:^— 75  Absorber  Location,  BQM-34A 
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Figure  3.  Modulo  2tt  Relative  Phase,  W  Polarization,  5500  MHz 
BQM-34F  Target  Drone,  0°  Roll,  0°  Pitch 
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Figure  4a.  Modulo  40tt  Relative  Phase,  W  Polarization,  5500  MHz 
BQM-34F  Target  Drone,  0°  Roll,  0°  Pitch 


Figure  4b.  Modulo  40tt  Relative  Phase,  HI!  Polarization,  5500  MHz 
BQM-34F  Target  Drone,  0°  Roll,  0°  Pitch 


Figure  4c.  Modulo  40it  Relative  Phase,  VH  rolarization,  5500  MHz 
BQM-34F  Target  Drone,  0°  Roll,  0°  Pitch 
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BQM-34A,  VV  Polarization 
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Figure  6A. 
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Figure  6B.  Cumulative  Probability  of  Frontal  Cross  Section 
BQM-34A,  IUI  Polarization 


■*p 


AFSWC-TR-74-01  Volume  la 


Target  Aspect '(Degrees) 


Figure  8A.  Mean  Frontal  Cross  Section 
BQM-34F,  VV  Polarization 


Figure  815.  Cumulative  Probability  of  Frontal  Cross  Section 
BQM-34F,  VV  Polarization 
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Figure  10B.  Cumulative  Probability  of  Frontal  Cross  Section 
BQM-34F,  VH  Polarization 
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10  Degree  Distatic  Radar  Cross  Section,  BQM-34A 
0  Degree  Pitch,  0  Degree  Roll  Vehicle  Orientation 


Figure  14. 


10  Decree  Bistatic  Radar  Cross  Section,  BQM-34F 
0  Decree  Pitch,  0  Decree  Roll  Vehicle  Orientation 
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Figure  19.  I3QM-34A,  Glint  Distribution 

30°  Frontal  Aspect  Zone,  W  Polarization 
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Figure  20 


BQH-34A,  Glint  Distribution 

30°  Frontal  Aspect  Zone,  HH  Polarization 
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Figure  21.  BQM-34A,  Glint  Distribution 

30°  Frontal  Aspect  Zone,  VII  Polarization 
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Figure  22.  BQ:t-34F,  Glint  Distribution 

30°  Frontal  Aspect  Zone,  VV  Polarization 
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Figure  23.  BQM-34F,  Glint  Distribution 

30°  Frontal  Aspect  Zone,  IIIl  Polarizatior. 
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30°  Frontal  Aspect  Zone,  VII  Polarization 
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APPENDIX  A 
SITE  INTRODUCTION 


1.  GENERAL 

RAT  SCAT  is  a  static  ground  plane  radar  cross  section  measure¬ 
ment  site,  located  on  Alkali  Flats  near  Holloman  Air  Force  Base,  New 
Mexico.  It  is  authorized  by  the  DOD  for  use  by  governmental  agencies. 

It  is  under  the  auspices  of  the  6585th  Test  Group,  Air  Force  Special 
Weapons  Center,  Kirtland  Air  Force  Base,  New  Mexico. 

A  ground  plane  range  utilizes  radar  energy  reflected  from  the 
earth  as  well  as  radar  energy  traveling  directly  to  the  target  through 
the  atmosphere.  When  the  antennas  and  target  are  adjusted  to  proper 
heights,  coherent  phase  addition  of  these  electromagnetic  waves  into 
a  flat  wave  front,  enhances  the  system  sensitivity.  Radar  returns  from 
objects  near  the  earth's  surface  are  reduced  thus  suppressing  target 
area  interference.  Target  area  interference  is  reduced  further  through 
the  use  of  special  polyfoam  support  columns,  radar  absorptive  materials 
(RAM),  and  rotators  located  below  the  earth's  surface  (in  pits). 

Pulsed  transmitters  are  employed  to  enable  utilization  of  the  range 
gated  receiving  system,  which  car<  selectively  measure  radar  returns 
from  the  target  area  or  the  range  displaced  transfer  standard.  Back¬ 
ground  interference  outside  the  target  range  is  eliminated  by  range 
gating.  Operation  without  background  cancellation  is  therefore  practical. 

2.  CAPABILITIES 

The  RAT  SCAT  electronic  equipment  and  controls  are  housed  in  a 
permanent  building.  Three  separate  range  lengths  (458  feet,  1158  feet, 
and  2458  feet)  are  provided  for  range  variation  as  shown  in  Figure  A-l. 
This  allows  the  use  of  convenient  antenna  and  target  heights  while  sat¬ 
isfying  the  far  field  criterion  for  most  targets.  (Special  40-foot  an¬ 
tenna  towers  are  attached  to  the  building  for  antenna  height  positioning.) 
Further  versatility  is  provided  by  two  mobile  equipment  vans,  one  for 
monostatic  range  length  variation  and  one  for  bistatic  measurements. 

A  duplicate  set  of  control  and  data  consoles  in  the  main  building  enables 
simultaneous  operation  of  any  two  of  the  three  ranges.  A  summary  of 
the  RAT  SCAT  characteristics  is  contained  in  Table  A-l. 

3.  CALIBRATION 

The  normal  method  of  calibration  at  RAT  SCAT  is  to  mount  a  pri¬ 
mary  standard  (precision  sphere)  scatterer  with  a  known  radar  cross 
section  and  record  the  corresponding  signal  level.  Then  the  return 
from  another  secondary  standard  (corner  or  Luneberg  lens)  scatterer 
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TABLE  A-l 


RAT  SCAT  CHARACTERISTICS  OF  ELECTRONIC  EQUIPMENT 


Power  Output 
Pulse  Width 

Pulse  Repetition  Frequency- 
No.  of  Receiving  Systems 

Receiver  Minimum  Detectable 
Signal 

Receiver  Bandwidth 
Range  Gate  Width 
Dynamic  Range 
Linearity 

Equipment  Stability 
Analog  Data  Format 


Digital  Data  Format 
Antennas 


Antenna  Feeds 
Polarization 


Background  Level 
Background  Reduction 


Phase  Measurement 


Azimuth  Resolution 
Maximum  Target  Weight 
Target  Size 
Bistatic  Capability 


Frequency  Coverage 


1  KW  nominal  bands  1  through  8,  25  KW 
nominal  Ku,  Ka  bands 

0. 1  to  1.0  microsecond 
500  to  5000  pps 

Two  per  band,  (one  monostatic  and  one 
bistatic) 

-94.  dbm  nominal 

2  or  10  Mhz  (selectable) 

0.  1  to  1.0  microsecond  (50  to  500  feet) 

70  db 
+0.  5  db 

0. 1  db/hour  (Average) 

Polar  and  rectangular  plots  of  cross 

section,  glint  and  phase  vs 
aspect  angle 

7  or  9  track  magnetic  (see  Appendix  C) 

1,  2,  3,  4,  6,  10,  and  16  foot  parabolic 
dishes  (smaller  and  larger 
dishes  available  for  special 
tests) 

Linear  and  circular  horns  with  VSWR  less 
than  2.0  to  1.0 

Horizontal,  vertical,  circular,  elliptical 
in  any  transmitting  and 
receiving  configuration. 

As  low  as  -80  dbsm  (frequency  dependent) 
Tuned  columns  and  vector  subtraction  by 
using  phase  and  amplitude 
measurements  to  reduce  back¬ 
ground  by  20  db 

Unique  RAT  SCAT  capability  for  vector  sub¬ 
traction  or  scattering  matrix 
applications 

0. 1  or  0.01  degree  as  applicable 
40, 000  pounds 
Greater  than  60-foot  length 
Primary  ranges  of  458  ,  1158  ,  and  2458 
feet  for  0  to  160  degree 
bistatic  angle 

100  to  18,000  MHz  continuous,  Ku,  Ka 
bands  and  95  GHz 
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Band  1 
Band  2 
Band  3 
Band  4 
Band  5 
Band  6 
Band  7 
Band  8 


Range  Length 


100  to  250  MHz 
250  to  500  MHz 
500  to  1000  MHz 
1000  to  2000  MHz 
2000  to  4000  MHz 
4000  to  8000  MHz 
8000  to  12,  000  MHz 
12,000  to  16,000  MHz 

Ku,  Ka  bands; 

95  GHz 

300  feet  minimum 


Building /Pit  1  -  458  ft 
Building /Pit  2  -  1158  ft 
Building /Pit  3  -  2458  ft 

Monostatic  Van/ Pits  1,  2,  or  3  -  variable  range  length 
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displaced  in  range  is  recorded  as  a  transfer  standard.  Both  the  pre¬ 
cision  standard  return  and  the  transfer  standard  return  are  recorded 
on  the  same  plot.  Thereafter,  radar  cross  section  calibration  is  de¬ 
termined  by  referencing  the  transfer  standard  return  for  every  run. 

Thus  every  run  is  recalibrated.  The  comparisons  of  primary  and  trans¬ 
fer  standards  accomplished  before  and  after  each  measurement  series 
are  identified  respectively  as  calibration  and  post- calibration.  If  the 
direct  ratio  of  primary  to  secondary  readings  is  not  maintained  before 
and  after  the  measurement  series,  then  all  runs  between  are  invalid  and 
must  be  repeated. 

The  calibration  reference  level  marked  on  each  data  plot  is  related 
to  the  transfer  standard  level.  This  reference  level  may  under  controlled 
conditions  differ  from  the  actual  transfer  standard  signal  level  since 
precision  calibrated  attenuation  is  sometimes  inserted  in  the  receiver 
line.  When  such  attenuation  is  inserted,  returns  from  the  transfer  standard 
are  reduced  to  a  level  compatible  with  the  scale  used  for  the  target 
measurements.  The  70  db  dynamic  range  of  the  plot  is  placed  to  include 
the  range  of  returns  expected  from  the  vehicle  being  measured.  In  some 
cases  two  runs  are  necessary  to  be  plotted  for  direct  overlay  to  include 
the  dynamic  range  of  the  vehicle  if  it  exceeds  70  db .  Calibration  plots 
are  included  with  the  target  data  when  requested  by  the  user. 

The  sphere  calibration  plots  will  not  necessarily  be  straight  lines. 

If  the  background  return  is  within  20  db  of  the  sphere  return,  for  ex¬ 
ample,  a  variation  in  sphere  return  of  approximately  +ldb  can  result. 

For  calibration  the  sphere  is  intentionally  placed  at  least  1/2  wavelength 
off  the  center  of  table  rotation  to  insure  sufficient  phasing  with  the  back¬ 
ground  return.  The  average  sphere  return  is  then  chosen  for  a  cali¬ 
bration  level.  This  avoids  the  peak  errors  involved  with  coherent  addition 
of  sphere  return  and  background  return  and  allows  the  minimum  errors 
involved  with  non-coherent  addition  of  the  returns.  This  is  indicated 
in  Figure  A-2. 


4.  OPERATING  PROCEDURES 

The  following  step-by-step  procedure  is  standard  in  obtaining  mono¬ 
static  radar  cross  section  measurements  after  frequency,  feeds,  an¬ 
tennas,  antenna  height,  target  height,  and  pit  (range  length)  have  been 
chosen: 

1.  Calibration  -  As  described  in  previous  section. 

2.  Horizontal  and  vertical  probes  (field  strength  measurements  at 
the  target  area)  -  Horizontal  probes  at  the  target  area  have  been  shown 
to  be  redundant  for  azimuthal  boresighting.  For  this  reason,  these 
probes  are  taken  only  upon  request  for  examination  of  near  field  effects. 
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MAXIMUM  POSSIBLE  ERROR  -  Decibels 


w 

u 

z 

w 

05 

W 

Ut 

05 

W 

h 

Z 

Q 

Z 

o 

o 

a 

O 

* 

o 

< 

a 

tc 

Q 

W 

U 

D 

Q 

Z 

K 

o 

05 

05 

W 

k 

o 

H 

O 

J 

& 


N 

I 

< 

V 

Vi 

3 

DO 

•n 


UNCLASSIFIED 


Vertical  probes  are  taken  at  the  target  area  to  determine  power  variation 
as  a  function  of  target  height.  If  necessary,  antenna  height  is  varied  to 
obtain  an  acceptable  vertical  probe  which  then  necessitates  a  new  cali¬ 
bration. 

3.  Background  -  The  background  level  with  the  target  mount  in 
place  is  measured  in  each  polarisation  to  be  used. 

4.  Measurement  -  The  measurement  is  made  with  the  vehicle  in 
the  position  previously  occupied  by  the  primary  standard. 

5.  Calibration  -  The  primary  calibration  is  repeated  to  verify 
calibration  (post  calibration). 
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APPENDIX  B 

TARGET  ORIENTATION  AND  DATA  FORMAT 
1.  COORDINATE  SYSTEM 

The  coordinate  system  described  herein  has  been  adopted  as  a 
standard  for  RAT  SCAT  operations.  The  system  is  referenced  both  to 
the  vehicle  being  measured  and  to  the  measurement  site. 

a.  Vehicle  Reference 

A  three-axis  system,  referenced  to  an  arbitrary  vehicle,  is  illus¬ 
trate!  in  Figure  B-l.  In  this  system  three  mutually  perpendicular 
planes  (yaw,  pitch,  and  roll)  are  passed  through  the  vehicle  so  that  the 
pitch  and  yaw  planes  mutually  intersect  on  the  longitudinal  axis  of  the 
vehicle.  These  planes  remain  fixed  with  respect  to  the  vehicle,  regard¬ 
less  of  vehicle  rotation  with  respect  to  the  radar  or  ground  plane.  The 
yaw  plane,  which  includes  the  pitch  axis  and  the  roll  axis,  is  numbered 
from  0  degrees  to  360  degrees  in  a  clockwise  direction  when  tb'i  vehicle 
is  viewed  From  the  above.  The  nose-on  aspect  cc  rresponds  to  0  degrees, 
the  starboard  side  of  the  vehicle  corresponds  to  90  degrees,  and  the 
port  side  to  270  degrees.  The  pitch  plane,  which  contains  the  roll  axis 
and  the  yaw  axis  is  numbered  from  0  degrees  to  ±  180  degrees;  the  +  90 
degree  point  is  below  the  center  line,  and  the  -  90  degree  point  is  above 
the  center  line.  The  roll  plane  contains  the  yaw  axis  and  the  pitch  axis. 

It  is  numbered  from  0  degrees  to  360  degrees,  and  the  numbers  increase 
in  a  counterclockwise  direction  when  the  vehicle  is  viewed  from  the  reir. 

b.  Site  Reference 

As  previously  stated  the  coordinate  system  is  fixed  with  respect  to 
the  vehicle.  It  is  referenced  to  the  site  by  means  of  three  index  marks. 
The  exact  value  of  any  of  the  three  angles  is  determined  by  noting  the 
value  of  the  vehicle  c^uidinale  opposite  the  index  marks.  Index  marks 
come  from  such  devices  as  bubble  levels,  inclinometers  and  transits. 

As  illustrated  in  Figure  B-2,  the  index  for  roll  angles  is  normal  to 
the  axis  of  rotation.  As  illustrated  in  Figure  B-3,  the  index  for  pitch 
angles  is  normal  to  the  axis  of  rotation  and  in  line  with  the  apparent 
source  of  radiation.  For  measurements  at  the  RAT  SCAT  Site,  targets 
can  bs  mounted  to  provide  desired  pitch  and  roll  angles. 

c.  Coordinate  System  Tilt 

For  small  targets  another  angle,  tilt,  can  be  utilized  in  recording 
useful  data.  This  angle,  equipment-limited  to  less  than  IS  degrees,  is 
formed  by  the  axis  of  rotation  and  the  normal  to  the  line  of  sight  to  the 
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Figure  B-2  TARGET  ORIENTATION  -  ROLL 
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Figure  B-3  TARGET  ORIENTATION  -  PITCH 
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apparent  source  of  radiation.  Since,  in  a  ground  plane  range,  radia¬ 
tion  can  be  considered  to  emanate  from  a  point  with  zero  height  directly 
beneath  the  antennas,  a  zero-degree  tilted  axis  of  rotation  is  slightly 
off  the  geometrical  vertical.  This  small  deviation  from  the  geometrical 
vertical  is  neglected  in  the  following  discussions. 

A  target  mounted  with  a  pitch  angle  other  than  zero  displaces  the 
yaw  axis  from  the  vertical,  but  not  the  axis  of  rotation.  The  axis  of 
rotation  is  displaced  from  the  vertical  only  when  non-zero  tilt  is  em¬ 
ployed.  Tilting  toward  the  radar  is  considered  positive  tilt  and  away 
from  the  radar  is  negative  tilt.  For  monostatic  measurements  tilt  will 
be  measured  in  the  vertical  plane  containing  the  line  of  3ight  between 
the  radar  and  the  target.  The  difference  between  pitch  and  tilt  is  shown 
in  Figure  B-4. 

2.  DATA  FORMAT 

Data  recorders  obtain  azimuth  angle  information  by  means  of  pre¬ 
cision  synchro  signals  from  the  position  of  the  rotating  table.  The 
line  of  sight  from  the  antennas  to  the  center  of  the  rotator,  as  illus¬ 
trated  in  Figure  B-5,  indexes  azimuth  angles.  As  used  here  the  term 
azimuth  refers  to  the  position  of  the  target  rotator  table.  With  zero 
degrees  of  pitch  and  roll,  azimuth  and  yaw  are  identical.  It  is  standard 
practice  to  turn  the  rotator  in  a  clockwise  (cw)  direction  as  viewed  from 
above.  Consequently,  the  azimuth  angle  varies,  for  example  from  180 
degrees  (tail-on)  to  90  degrees  (starboard-side)  to  0  degrees  (nose-on) 
to  270  degrees  (port-side). 

a.  Polar  and  Rectilinear  Plots 

Essential  information  pertinent  to  each  plot  is  contained  in  the  in¬ 
formation  block  located  in  the  upper  right  hand  corner  of  the  recti¬ 
linear  plots  and  in  the  second  quadrant  of  the  polar  plots.  Each  recti¬ 
linear  plot  has  the  recording  of  the  return  from  the  left  side  of  the 
vehicle  on  the  left  side  of  the  plot.  0  degrees  at  the  center,  and  the  re¬ 
cording  of  the  return  from  the  right  side  of  the  vehicle  on  the  right 
side  of  the  plot;  180  degrees  (tail-on)  appears  at  the  right  and  left  ex- 
tremeties  of  the  plot,  as  shown  in  Figure  B-6.  Since  the  paper  moves 
from  left  to  right  under  the  recorder  pen,  it  should  be  noted  that  mea¬ 
surements  are  limited  at  180  degrees  in  order  to  obtain  continuous  mea¬ 
surements  on  the  recorder  paper.  The  table  on  the  polar  recorder  is 
rotated  in  the  same  directions  as  the  target  so  the  90-degree  point  ap¬ 
pears  on  the  right  side  of  the  polar  plot,  the  270  degree  point  on  the 
left,  and  the  zero  or  300  degree  point  at  the  top  of  the  plot. 
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Figure  B-4  'COMPARISON  OF  PITCH  A£ID  TILT  ORIENTATIONS 
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Figure  B-5  TARGET  ORIENTATION  -  AZIMUTH 
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appendix  c 

DIGITAL  DATA  FORMATS  L,  M,  AND  N 

RAT  SCAT  has  the  capability  of  supplying  several  types  and  for¬ 
mats  of  digital  data.  Edited  magnetic  tape  formats  L,  M,  and  N  as  - 
described  herein  are  normally  furnished  to  the  user  requesting  digital 
data. 

This  appendix  is  not  intended  as  a  format  specification,  nor  is  it 
meant  to  restrict  the  data  formats  available  to  only  those  listed.  It 
is  intended  solely  as  a  guide  for  reference  purposes. 

The  three  formats  are  similar  except  for  the  presence  or  absence 
of  a  second  dependent  variable  which  is  either  phase  or  bistatic  RCS 
amplitude. 

Format  Type  Data 

L  Azimuth  and  Monostatic  RCS 

M  Azimuth,  Monostatic  RCS  and  Bistatic  RCS 

N  Azimuth,  Monostatic  RCS  and  Phase  (or  Glint) 

Tapes  are  written  in  seven  channels  BCD  card  image.  Each  re¬ 
cord  contains  80  BCD  characters.  Azimuth  is  written  in  degrees,  RCS 
in  dBsm,  and  phase  in  degrees.  All  values  contain  signs  and  decimal 
points.  The  edited  tapes  are  available  in  200,  556,  and  800  bits  per 
inch  recording  densities. 

Each  tape  may  contain  40  runs  (360  degrees  of  azimuth  samples 
per  run)  or  more  depending  on  format,  density,  and  user  specifications. 
Each  run  is  ended  with  an  end  of  file  mark  (EoF).  Each  tape  is  ended 
with  a  double  EoF. 

The  number  of  80  character  records  per  run  depends  on  the  azimuth 
increment,  whether  filler  data  is  involved  and  the  format  used.  The 
first  record  in  each  data  run  is  a  header  constructed  as  follows: 


Character 

Information 

Example 

Format 

1-4 

» 

Control  Number 

7307 

A4 

5-8 

Blank 

- 

9-12 

Run  Number 

0015 

A4 

13-16 

Blank 

C-J 


1 


Character 

Information 

Example 

Format 

17-20 

Conversion  Number* 

-600 

A4 

21-24 

Blank 

- 

25-28 

Bistatic  Conversion* 

-600 

A4 

29-32 

Blank 

- 

33-80  ' 

Alphanumeric  Identification 

RAT  SCAT  EDITED  A48 
TAPE 

*RAT  SCAT  Use  Only. 

The  data  records  contain  four  or  six  samples  of  data  depending 
on  format.  The  makeup  of  a  sample  for  a  format  N  tape  is  as  follows: 


Value 

Format 

Example 

Azimuth  (degrees) 

F7.2 

+272.20 

RCS  (dijsm) 

F5.  1 

-25.5 

Phase  (degrees) 

F5.0 

+  179. 

Flag 

A-  1 

I 

The  third  item,  phase,  would  be  replaced  by  bistatic  RCS  for  format 
M  (F5.  1)  and  would  be  absent  for  format  L.  The  meaning  of  the  fla 
is:  Blank  =  good  data,  I  =  interpolated  data,  B*  band  data,  H  =  hand 
edited  data,  and  F  =  filler  data.  Data  with  a  filler  flag  should  be 
ignored. 

Data  records  can  be  read  with  Fortran  formats  as  follows: 

Format  Read  Statement  Format 

L  Format  (2(3(F7.2,  F5.  1,  Al),  X)) 

M  Format  (4(F7.  2,  F5.  1,  Al,  F5.  1,  A1,X)) 

I 

N  Format  (4(F7.  2,  F5.  1,  Al,  F5.0,  Al,  X)) 

The  azimuth  angle  in  the  first  sample  of  a  run  is  usually  180.  00 
degrees.  The  value  decreases  until  0.00  degrees  is  reached  and  there 
after  goes  from  359.9  degrees  (for  0.  1  degree  increments)  to  180.0 
degrees. 


C-2 


Typical  magnetic  tape  character  coc'js  are  shown  in  Figure  C-l 
and  the  .physical  characteristic  of  a  typical  format,  including  EOF  gaps, 
etc.  ,  is  shown  in  Figure  C-2. 


Track  Identification 


_ J 

CHARACTER 

1 

a 

D 

B 

C  (parity) 

■ 

X 

a 

a 

i 

X 

1 

a 

r 

L 

X 

2 

■ 

a 

a 

Bl 

X 

3 

X 

X 

a 

a 

4 

a 

a 

a 

X 

5 

a 

a 

X 

a 

6 

X 

X 

a 

a 

7 

X 

X 

X 

a 

a 

a 

X 

8 

a 

X 

a 

a 

X 

9 

X 

a 

a 

X 

a 

Space  (Blank) 

a 

■ 

a 

X 

— -  - 

a 

X 

Plus  (+) 

a 

a 

X 

X 

Minus  (-) 

■|  H 

Hi 

1 

H[ 

a 

X 

X 

E.O.F. 

X 

X 

X 

X 

Dec.  Point 

X 

X 

IB 

X 

X 

X 

X 

I 

a 

■ 

IB 

X 

X 

F 

■ 

X 

X 

X 

X 

B 

a 

X 

a 

a 

X 

X 

H 

a 

a 

a 

X 

X 

x 

Figure  C-l  Magnetic  Tape  Character  Codes 
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•  3  3/4  to  6  inch  leader 

Header  (First  record  on  tape) 

L.RCC  (longitudinal  redundance  check  character) 
—  3/4  inch  end  of  record  gap  (EOR) 

firat  record  of  first  run  on  tape 
LRCC 

last  record  of  first  run 
LRCC 


3-3/4  inch  end  of  file  space 
end  of  file  recorded  character 
LRCC 

3/4  inch  EOR 


Header  for  second  run 


BOT  marker 


Figure  C-2  Physical  Characteristics  of  Magnetic  Tape 
Formats  L,  M,  and  N 
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